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Abstract-A  concept has been studied for  remote sensing of 
sea surface salinity from space using a large deployable mesh 
antenna system. The  antenna  has  a 6-m-diameter offset-fed 
parabolic reflector with multichannel feedhorns and 
radiometers and  a radar, operating at L and S bands. The 
entire system rotates about the nadir axis, providing a 
conical scan across a 900km wide swath at  a spatial 
resolution of  about 40 km from a 600-km orbit altitude. The 
study includes evaluation of deployable mesh antennas  and 
preferred antenna, spacecraft, and launch vehicle 
configurations. Designs for compact, lightweight feedhorns 
and  rahometer/radar electronics were also developed. 

1. INTRODUCTION 

This paper describes a study of a large mesh antenna 
system with active and passive microwave sensors for high 
resolution real-aperture sensing of the Earth surface. The 
objective is to apply the technology of large, lightweight 
mesh antennas  to  the remote sensing of land, ocean and 
cryospheric phenomena where low frequencies and/or high 
spatial resolution are required. Sea surface salinity and soil 
moisture are primary applications of this technology since 
they require low frequency observations at  1.4 GHz and 
spaceborne measurements of these parameters do not 
currently exist. For convenience, the instrument concept has 
been named OSIRIS (Ocean-salinity Soil-moisture 
Integrated Rahometer-radar Imagng System). However, the 
technology is potentially applicable to other remote sensing 
applications that can benefit from  high spatial resolution 
microwave observations using frequencies as high as 37 
GHz, such as ocean winds, precipitation, sea ice, and snow. 
Such observations" are needed for detailed modeling and 
forecasting of the Earth's hydrologic cycle. 

The key  technology is the lightweight mesh antenna. 
Deployable mesh antennas  are  a mature technology with 
estensive flight heritage in space telecommunications. 
Recently, 12-m-diameter antennas have been  developed and 
space qualified in the commercial sector, and  are planned for 
launch on geostationary communication satellites in  2000 
[ 11. The TRW Astro 12-n1 perimeter-truss antenna has been 
tentatively selected for this project. and is shown in Fig. I .  

2. SCIENCE REQL~IREMENTS 

Scicnce rcquirenlents for sea surface salinity (SSS) 
obscrvtltions from spxe  arc outlined in reports of thc 

Fig.  1 TRW Astro 12-m perimeter-truss antenna deployed in 
the test facility. (Courtesy of TRLV Astro) 

Salinity Sea Ice Woriung Group (SSIWG) [2]. The SSS 
requirements are used as  the basis for the system design 
described in this paper. A SSS measurement accuracy of 0.2 
psu ('practical salinity units' or parts  per thousand) at a 1- 
week, 100-km time-space scale is  the primay goal. These - 
requirements can be met by a sensor with a footprint 
resolution of 40-60 km, an accuracy per footprint of -0.6 
psu, and a wide swath for providing global coverage in 2-3 
days. Averaging the data on a I-week, 100-km grid reduces 
the measurement noise error, and provides an accuracy of 
-0 .2 psu. Averaging on  a 1-month, 200-km grid provides a 
potential accuracy of 0.05 psu. The technique for retrieving 
SSS from  microwave measurements, including choice of 
radiometer and radar channels, polarizations, and incidence 
angle, and results of detailed simulations of the error sources 
and their impact on SSS retrievability, are discussed in 131. 

The SSS accuracy requirement of 0.2 psu leads to 
requirements for radiometric precision of 0.1 K and 
calibration stability of 0.2 K. radar precision and stability of 
0.2 dB. incidence angle of >No.  and  a conical-scan with the 
incidence angle fised across the swath. A beam-pointing 
knowledge of 0.1" is required to keep the corresponding 
brightness temperature uncertainty to less than 0.15 K. 
Pointing control to within about half a 3-&-beamwidth is 
necessary for accurate geolocation. A polar, sun-synchronous 
orbit with  prc-dawn equator crossing (-6am) is required to 
obtain global  coverage and to minimize Faraday rotation, 
and is advantageous from the point of view of thermal 
stability of the instrument and utilization of solar power. The 
abovc requircmcnts arc addrcsscd in more deuil in [3]. 



Fig. 2 Artist’s concept of OSIRIS 

The key system characteristics are summarized in Table 1. 
The  antenna system  is a rotating, offset-fed, parabolic-mesh 
reflector. with two identical multichannel feedhorns, whch 
feed the L and S-band radiometers and the L-band radar. 
The two feedhorns provide separate beams that give 
overlapping contiguous footprints at the surface, and allow 
the antenna system  to rotate at  6 rpm which is half as fast as 
~ o u l d  be  necessary with a  single beam. The combined 
antenna  and feed  system rotates about the vertical axis, with 
antenna beams at an incidence angle of 40’. As the 
spacecraft moves, the 3-dB antenna footprints provide 
overlap along and across track in  a helical coverage pattern. 
At an orbit altitude of 600 km, the 6-m antenna provides 
-40-km spatial resolution, and a swath width of 900 km. 

4. CONFIGURATION 

blission cost constraints require that the stowed  volume of 
the spacecrllft  and  payload fit within  a Taurus-class or 
smaller launch vehicle. The  spinning  antenna requires a 
spacecraft that either rotates nith the antenna  as a rigid body 
or is 3-axis stabilized nit11 a  spinning platform on which the 
antenna is mounted. 

C:lndidate antenna. spacecrdt and IiltInch vehicle 
configurations have been studied to evaluate the stowed 
volurne. mss .  dcploywnt and  attitude control rcquircments 
of thc systcm. Fig. 3 sl1on.s one possiblc configuration of the 
stowcd and dcploycd antcnna systcm. Tllc configuration 
sho\vn is for ;i 6-111 TRW Astro antcnna. a TRW SST1 Corc 
sp;lcccraft. :~ud ;I Taunrs I;1uncll \chick w i t h  97-incll fairing. 

Tithlc 1.  Kcy baselinc system characteristics 
Radiometer frequencies 
Radiometer 
polarizations 
Radar frequency 
Radar polarizations 
Antenna type 

Aperture diameter 
Ocean Incidence angle 
Number of feedhorns 
Beamwidths 

Antenna gain 
Beam efficiency 
Orbit type 

Altitude 
Spatial resolution 
Swath width 
Rotation rate 
Global coverage 
Pointing 
controlhowledge 
Radiometer NEDT per 
footprint 
Radiometer absolute 
accuracy and stability 
Radar precisiodstability 
Power 
Data rate 
Mass 
Launch vehicle 
Mission duration 

T 
I 

I 
I 

i 

t 

1.4 1 and 2.69 GHz 
H, V; (1.41 GHz 
polarimetric) 
1.26 GHz 
W. HH-VH. HV 
Offset-fed, parabolic, 
dedovable mesh reflector 

~~ 

6 m  
40° 
2 (each LIS-band, VM-Dol) 
2.6’ (approx. equal all 
channels) 
35 dl3 
> 90% 

~~~ 

Polar, sun-synchronous, 
6am/60m 
600 km 
35 x45 km 
900 km 
6 rpm 
2-3 days 
1.3’/0.1’ (30) 

0.2  K 

1 K  and 0.2 K 

0.2 dB 
350 Watts 
25 KbiMsec 
530 kg 
Taurus-class with 92” fairing 
3 vears 

This  codlguration is illustrative but does not imply an 
optimized or selected system. The 92”-Taurus is capable of 
placing about 720 kg of payload into a 600-km sun- 
synchronous orbit. The configuration shown, with the 
antenna mounted above the spacecraft, was selected as the be 
best design based on simplicity of deployment, minimum 
attitude control system (ACS) requirements, design 
flexibility. and environmental impacts (e.g.  solar heating. 
solar leakage to feedhorns, environmental momentum). 
Two alternatives for the spxecraft were considered, one a 

rigid-body spinner with the antenna dircctly mounted and 
the other a non-spinning 3-axis stabilized bus with a 



Fig. 3 Illustration of antenna  and spacecraft in stowed and deployed configuration 

spinning  platform for the antenna. Preliminary  torque  and 
momentum analyses indicate that the  system will operate 
best at zero  momentum  with  a large momentum wheel  to 
counteract the  6-rpm rotation of the spacecraft and  antenna 
(in the rigid-spinner configuration) or antenna only (in the 
3-axis-stabilized case). 

5. ANTEWX AWD ELECTRONICS DESIGN 

Analyses have been  done of antenna  and electronics 
subsystems designs for the baseline OSIRIS system. The 
profiled or compact  multi-frequency  corrugated  horn was 
found to have  the most suitable symmetrical-beam 
performance over the large frequency  range  required (1.2- 
2.7 GHz). The  beam efficiencies were calculated to be  94% 
and 92% at L and S band, respectively. 

A  radiometer  and  radar  design  with  advanced space- 
qualified electronics was developed  to obtain minimum 
mass, volume and power requirements. The key features of 
the radiometer  design  are to use  a  tuned RF “ I C  
radiometer  with  noise diode injection for calibration. A 
polarimetric capability is included to enable correction for 
the Faraday rotation. Key aspects of the  radar  design include 
a 100-W RF transmit power and 4-MHz chirp  bandwidth to 
obtain better than 0.2 dl3 Kpc. The  radar pulse length is 1 
ms (10% duty  cycle) which  enables 90% of the time to  be 
available for the radiometer integration. 

6. CONCLUSIONS 

This paper  has provided an ovewiew of a study of a large 
mesh antenna  system for spaceborne active and passive 
microwave sensing at L and S bands. A baseline system has 
been defined  and  evaluated from  the standpoints of science 
accuracy  requirements, preferred antenna, spacecraft and 
launch vehicle confhpations, and  antenna  and electronics 

designs. Additional studies are  being  performed to 
characterize the  radiometric properties of the mesh, refine 
the system design, and to  provide detailed simulations of the 
expected  system performance in orbit. 
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